81 value of a mixture of mutant E. coli and C. elegans in 96-well plates after 8 days of incubation.
82
In this study, we modified the liquid pathogenicity assay described above to apply 83 it to 133 clinically isolated E. coli, including 83 UTI-associated isolates and 50 fecal isolates, 84 and we analyzed the association between pathogenicity in C. elegans and the VFs in the 85 isolates. In addition, we demonstrated that the iron acquisition systems associated with the 
97
C. elegans N2 as wild type was used for the solid killing assay. The worm was 98 maintained on NGM agar plates using the standard laboratory E. coli strain OP50 as 99 described previously [15] . C. elegans glp-4(bn2ts) was used for the liquid pathogenicity 100 assay. The temperature-sensitive strain was maintained at 15 ˚C for animal preparation. The survivability of the C. elegans N2 strain feeding the E. coli UTI89 wild type 134 or its mutants was measured as described previously [7] , but with some modification. Briefly, 135 E. coli strains were cultured in LB medium at 37 ˚C until at an OD 600nm of 2.0, and 30 µl of 136 the culture was spread on a 5.0 cm NGM agar plate and incubated at 37 ˚C overnight. 165 20] were determined in the 133 E. coli isolates (Table 1) . Eighteen genes showed 166 significantly higher distribution in the UTI-associated isolates than was observed in the fecal 167 isolates, while the level of ibeA was higher in the fecal isolates. The total number of VFs 168 identified was significantly higher in the UTI-associated isolates than in the fecal isolates 169 ( Fig. 1) . The pathogenicity of E. coli associated with UTIs was determined using C. elegans.
345 Although several reports have been published on bacterial pathogenicity using C. elegans, 346 the studies used the C. elegans killing assay, which is based on counting the animals to 347 determine survivability on a solid or in a liquid medium [3] [4] [5] [6] [7] [9] [10] [11] . Here, we adopted a 348 liquid pathogenicity assay in which C. elegans and E. coli were co-incubated, and the 349 turbidity was compared before and after the incubation. Although the method has been 350 applied for a mutant library derived from one parent strain [12] , this is the first report to apply 351 it to numerous clinical isolates. Since the clinically isolated E. coli associated with UTIs 352 showed significantly higher pathogenicity than the commensal strains, the results of the 353 simple method in this study reflected the pathogenicity in the patient (Fig 2) . In addition, we 398 siderophores. Available iron is limited in the urinary tract, and iron acquisition by bacteria is 399 essential for the infection. Furthermore, multiple iron acquisition systems showed different 400 roles in infection, so the redundancy is important for successful infection [35] . In this study, 401 the combination of mutations for multiple iron acquisition systems resulted in decreasing 402 pathogenicity in C. elegans, which is consistent with the importance of redundancy in 403 mammal infection. In addition to the iron acquisition by siderophore, it has been recently 404 reported that copper acquisition by yersiniabactin is also involved in UTIs [46] . While further 405 study is necessary to investigate the molecular mechanism of iron acquisition in UPEC 
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